Superheated steam drying has been a subject of research for many decades. Many researchers have claimed that superheated steam drying is saving energy and produces better product quality compared to air drying. Superheated steam can be distinguished from air drying by the diffusion step in the drying process. Steam drying does not include moisture diffusion from the interior of the particle to its surface. However, in air drying, diffusion is the main and the limiting step. This paper is presenting a review to the models have been used to describe drying under superheated steam. Also, modelling was carried out to all the steps that take place in the drying process. These steps are: initial condensation on the surface of the particle, diffusion of the initially condensed vapour to the interior of the particle, evaporation of the initially condensed vapour and finally drying of the whole particle due to receding core model. Understanding these steps is very important for controlling the quality of the dried products and preventing difficulties such as sticking. These steps were modelled using MATLAB software. Numerical solutions with finite difference Euler's method were used to solve the equations describe the drying steps. The theoretical results were then formulated in figures to show the behaviour of the whole drying process. Comparison of the theoretical results from this study with experimental data was left for the upcoming article.
Introduction
Drying can be defined as removing a specific amount of water from the materials due to evaporation by applying of heat under controlled condition. The main aim of the process is to increase the storage life of the materials and decrease its transportation cost. The reduction in the amount of water content of the materials reduces the water activity. This will inhibit microbial growth at the period of storing. Goals of research in improving current drying technologies are to improve the economics of operation such as reduce energy consumption, increase capacity, reduce size of equipment, increase ease of control and environmental considerations (minimize energy consumption, reduce emissions, increase safety). In addition, improve the product quality in regards to: uniform drying, minimize chemical, physical and nutritional degradation (Pronyk et al., 2004) . There are two drying methods in respect of the drying medium, drying by hot gases like air and the other method is drying by hot solvents vapour like water steam. However hot air has been used for decades as a cheap drying medium, steam emerged as a drying gas that suitable for explosive materials like coals.
Steam Drying and Air Drying
Research in steam and superheated steam drying has revealed great advantages of steam drying over air drying. Environmental pollution or odour emission to the atmosphere can be eliminated since drying occurs in closed chamber without air (Soponronnarit et al., 2006) . It has been reported that higher quality products can be achieved with superheated steam drying specially for starch-based products. For example, higher head rice yield compare with hot air drying due to faster development of starch gelatinization, resulting in strengthening of intermolecular binding forces among starch granules (Soponronnarit et al., 2006) . Absence of oxygen prevents oxidative reaction which is promoted by native enzymes leading to coloured compounds which undermines the product quality (Elustondo et al., 2001) . Superheated steam drying of biomass gives the possibility of softening the wood tissue before palletisation. Furthermore, in regards to anaerobic environment, the oxidation is avoided (Pakowiski et al., 2007) . through the process (Beeby, 1984) . The recirculating drying of super heated steam and eliminating air through the dryer are energy saving, the only energy leaving the system is the extra vapour that have been evaporated from the materials under drying. Super heated steams are suitable for combustible solids such as coals where it reduces risk of explosion and fire hazards. Also, inert gases may be used for start up and shut down the system to avoid combustion or fire in the case of drying combustible solids. The control on the quality of the product is easier by monitoring the steam temperature, because the drying rates and final moisture content are function of the drying medium temperature. Dust collection in superheated steam drying is much simpler by passing the excess vapour through condensers (Trommelen & Crosby, 1969) . Deventer and Heijmans (2001) gave some examples in regards to steam drying benefits and restrictions of superheated steam drying. Pronyk et al. (2004) illustrated that the use of superheated steam as a drying medium for non-temperature sensitive products has many potential benefits to the consumer and the industry. Use of superheated steam can lead to energy savings as high as 50-80% over use of hot air or flue gases. These savings can be achieved due to higher heat transfer coefficients and the increased drying rates in the constant and falling periods if the steam temperature is above the inversion temperature. The drying at the constant rate period is longer in superheated steam drying, thus providing high drying rates for longer periods of time. Some valuable volatile organic compounds generated from the drying material can be recovered and separated by a condenser (Tang & Cenkowski, 2003; Wimmerstedt & Hager, 1996) . Some applications involving steam drying are: drying of fuels and biofuels with high moisture contents prior to combustion in a boiler, Cattle feed exemplified by sugar beet pulp, lumber, paper pulp, paper and sludge (Wimmerstedt & Hager, 1996) . Superheated steam cannot be used for temperature sensitive materials as it is operated at high temperature, while operation under vacuum to reduce boiling point will add more complexity to the process and equipments costs. To reduce the temperature of a drop of water from 100 o C to 86 o C, this would require operating either at 0.6 atm or with 40% air present (Trommelen & Crosby, 1969) . Also better and higher insulation are required for the drying surfaces to avoid condensation. It has been recommended that before using steam for drying, hot air should be used for worming up the system until the temperature in the drying compartment reaches the desired temperature (Soponronnarit et al., 2006) . Berghel and Renstrom (2002) built a drying system following the requirement of industry. Tests with sawdust carried out in a fluidized bed and willow wood chips were done in a fixed bed. They showed that even with very small steam leaks, there is a significant decline in the energy efficiency of the dryer. Also, the material input and output to/from the dryer are very difficult to seal. However there are some limitations for using superheated steam as a drying medium, proof of principles for steam drying of paper and textile have been accomplished (Deventer & Heijmans, 2001 ).
Drying Models
There are two different mechanisms presented in literature in regards to modelling drying under superheated steam. The first is receding core model where evaporation occurs only at a drying front, the front moves from the surface of the particle to the core as drying progresses. And the second is the thin-layer model which assumes that the loss of moisture is at an exponential rate due to internal water diffusion to the grain surface at which the vaporization occurs. These two mechanisms are describing only the falling rate period. Most of researchers assumed, for the constant rate period, a simple polynomial equation that takes in consideration two factors: temperature and flow rate of the drying medium.
Receding Core Model
A number of studies used the receding core model to simulate drying under superheated steam. The model presented by Chen et al. (2000) which is a modification for the model presented by Agarwal et al. (1986) , assumes the removal of moisture from a porous particle is due to formation of dry-wet interface and the recession of this interface with time. Although, it takes in consideration the initial condensation phenomena, this model did not count for the increase in the moisture content of the particle during the heating period. Also, it did not count for the constant rate period as well. In another study by Looi et al. (2001) , they used the receding core model studied by both Shibata et al. (1988) and Khan et al. (1991) . The model assumes that evaporation occurs only at a drying front, the front moves from the surface of the particle to the core as drying progresses. Shibata et al. (1988) studied the drying mechanism of sintered spheres of coarse glass beads at atmospheric pressure and superheated steam as drying medium. They found that the drying mechanism is controlled by surface evaporation at the constant rate period where evaporation takes place only on the surface of the particles. And, it is controlled by the receding front mechanism, where the evaporation takes place in the inner surface of the particle, at the falling rate period. The study emphasised on the estimation of the critical moisture content in superheated steam compared to hot air drying. The study also found that during drying in superheated steam, evaporation takes place not only on the surface of the particles during the constant rate period but also in the thin www.ccsenet.org/eer Energy and Environment Research Vol. 3, No. 2; 2013 layer below the surface. Khan et al. (1991) studied both single porous particle and a backed bed drying under superheated steam. The single particle model was incorporated into an overall model for drying in a backed bed. Interface receding theory was used to model the evaporation from the single particle. Hager et al. (1997 and developed a model for superheated steam of a single porous spherical ceramic material. In their research, different mechanisms were used to present superheated steam drying. Mass transfer due to capillary forces is assumed to be dominating initially then this mechanism replaced by pressure-driven gaseous flow as the internal pressure increase. These two mechanisms assumed to follow Darcy's law. The porous material was assumed to have cylindrical pores, and tortuosity factor was the only adjustable parameter. This model not only ignores the initial condensation and the increase in the moisture content during the heating period but it is also very complicated in practice. Elustondo et al. (2001 and described the drying process by dividing it to four period; (1) short initial unsteady warming-up period, (2) constant rate period where evaporation takes place at the external surface of the sample due to external heat transfer, (3) the falling rate period starts when diffusion is not fast enough to compensate the evaporated water from the surface, in this situation a dry layer starts to grow increasing the resistance to heat conduction and making the rate to full, (4) finally when the free water is totally removed and the final water content approach the hygroscopic equilibrium value, the temperature of the sample will start to rise. Those models discussed above did not present the all steps of the drying process under steam because they did not count for the initial condensation neither for the change in moisture content during the heating period. These two neglected phenomena are very important in any drying systems. Soponronnarit et al. (2006) used a model that count for the initial condensation and the increase in the moisture content of the materials. The model was formulated for drying in a backed bed rather than single particle. This model did not use the receding core model.
Thin-Layer Model
Another number of studies carried out by Prachayawarakorn et al. (2002) , Babalis et al. (2006) , Soponronnarit et al. (2006) , Chemkhi and Zagrouba (2005) , Suvarnakuta et al. (2007) , Tarasov and Basargin (1975) and Pronyk et al. (2004) 
Study Aim
The aim of this study is to combine all the three major steps that take place during drying under superheated steam. First step is initial condensation which happens at the early stage of drying. This then leads to the second step which is diffusion of the condensed water to the interior of the particle. This step is responsible of increasing the particle's initial moisture content. The last step starts when the particle reaches the saturation temperature. This step includes; evaporation of the initially condensed water and then evaporation of the materials' free water content at a constant rate. At the constant rate period evaporation only takes place at the surface or the first layer of the material. The evaporated moisture from the surface will be replaced by migration from interior. Finally falling rate period begins, at this step heat conduction through the particle is assumed the limiting step. In this article, these steps were modelled separately using finite difference method and MATLAB software. As there is no study presents all these steps in a single article, for this reason this article was emerged.
Mathematical Modelling
Mathematical models should enable good process design and minimize costs while keeping quality constraints. A common modelling approach is to assume that one transfer mechanism is a rate controlling among the three mechanisms that control drying under superheated steam. These three mechanisms are: firstly, external heat transfer which is function of the heat transfer rate by convection and radiation from the drying medium to the surface of the material; secondly, internal heat transfer which is function of the heat transfer by conduction through the particle, and finally, internal mass transfer which is function of the permeability of the particle. Mathematical models that show the changes in temperature and moisture content as function of time for a single porous spherical particle were developed for drying under superheated steam. The following are the steps:
Initial Condensation, Heating Period
The initial condensation of vapour on the surface of particles at the beginning of the contact between the cold solid feed and the steam may lead these particles to stick to the hot surfaces of the dryer. It has been shown by Hamawand (2011) that liquid bridge which connects the particles to the surface of the dryer at the beginning may go through glass transition phase after a period. This is due to the high temperature of the superheated steam. Iyota et al. (2001) focused in their model on phenomena which occur during the initial stage of drying, www.ccsenet.org/eer Energy and Environment Research Vol. 3, No. 2; 2013 condensation of superheated steam on the material's surface. This phenomenon greatly influences the material quality after drying. It is also responsible for quickly heating even the interior of the material. Furthermore, it increases the moisture content of the region slightly inward from the surface. They also showed that drying under superheated steam is independent of moisture diffusion coefficient (mass transfer) and is more dominants by heat transfer (conduction). Kozanoglu et al. (2006) did not register initial condensation as a result of additional heat supplied by the resistance installed on the wall of the dryer. They showed that there was a decrease in the amount of condensation in the initial period of the process by increasing the dryer's wall temperature. In case of reduced operating pressure, a given operating temperature correspond to a higher degree of superheating：
This will participate in achieving a process without initial condensation. The decrease in the operating pressure produces slightly higher final moisture content. The impact of the vacuum conditions is decrease the saturation temperature and as a result it increases the degree of superheating.
Initially as a particle with a low temperature get in to contact with the drying medium, super heated steam (SHS) in this case, this naturally lead to steam condensation on its surface and increase in the particle moisture content. This period is called heating period where the condensation continues and the particle's temperature increases until it reaches the boiling point of the solvent. Assumptions were made that the whole particle is covered by a layer of condensed water distributed uniformly over the surface of the particle. Also assumed, there is no temperature gradient through the particle during the heating period. The temperature of the particle in this period represents the whole particle. After the temperature of the particle reaches the boiling point of the solvent, which is in case of water 100 o C, this is true under atmospheric operating pressure. Condensation will stop and evaporation will take over while diffusion of the moisture through the particle continues during the entire period of both initial condensation and evaporation.
The instantaneous location of the thin layer of the condensed water is referred to as r , note R r  , where R is the particle radius. Assuming the temperature of the particle is especially uniform at this period. Heat transfer by convection to a spherical particle, neglecting the radiation (Chen & Agarwal, 2000) , can be present by Equation (1). Equation (1) is a result of energy balance over isothermal spherical particle covered by a layer of condensed water, with radius r and temperature p
Where;
heat transfer coefficient between the SHS medium and the surface of the particle;
T g temperature of the drying medium (SHS);
T p temperature of the particle ( the whole particle); initial moisture content of the particle;
The first term represents the change in temperature of the particle with time considering the particle's material, moisture content and the initial layer of condensed water. The first term in the RHS of the equation account for the heat transfer between the particle and the heating medium. The second term represents the latent heat of condensation of the superheated steam. In a steady state conditions, superheated steam temperature varies very slowly with time so any change can be neglected and adiabatic behaviour can be assumed (drying zone is www.ccsenet.org/eer Energy and Environment Research Vol. 3, No. 2; 2013 111 perfectly isolated) (Elustondo et al., 2002) .
The following initial conditions were assumed to start the modelling:
i, j represents position and time, respectively. The temperature of the particle after a time interval of t  depends on the numbers of water layers condense over its surface. Using numerical method, finite deference Euler's method, Equation (1) can be solved for the particle's temperature as shown in Equation (2):
In order to solve equation (2) for the particle temperature
as function of time intervals, it needs to consider the radius of the particle
r , actually the radius of the particle adding to it the thickness of the condensed water, the actual particle radius was assumed constant, at each layer of water condensed on its surface.
When free water is in contact with pure vapour, the equilibrium rate of molecule transfer from vapour to the liquid phase and from the liquid to the vapour phase is given by the kinetic theory of gases. When the system is not at equilibrium, the net rate of evaporation or condensation per unit droplet (particle covered completely by water layers) surface area is governed by modified Hertz-Kundsen equation (Chen & Agarwal, 2000) . This equation was first proposed by Alty 1931 (Maa, 1967) . Maa (1967) studied the evaporation rate of different solvents including water. The study shows that there is little or no resistance to molecules crossing the vapour-liquid interface. This means that the evaporation coefficient is unity. Equation (3) shows the evaporation-condensation rate of water as presented by Maa (1967) :
Where, The saturation vapour's pressure of water at different particle's surface temperature, actually the water shell around the particle, can be given by Equation (4) 
Using numerical method, finite deference Euler's method, Equations (3) and (4) can be rewritten as following;
Equation (5) and (6) can be used to predict the condensation-evaporation time interval and the amount of water condensed over the particle.
The evaporation will start when the temperature of the particle reaches approximately 100 o C. At this temperature the thickness of the condensed water on the surface of the particle is known from Equations (5) and (6). The evaporation will occur at constant particle temperature. The evaporation will be dominated by heat transfer between the condensed water and the drying medium. At this period an assumption was made that the whole particle is a droplet of water at 100 o C until the entire condensed water evaporates. Energy balance over a droplet of water can be present by Equation (7);
For constant particle temperature at 100
The radius of the condensed water depend on the rate of evaporation from the droplet surface, by using numerical method, finite deference Euler's method, Equation (8) can be rewritten as below;
From the above Equations (2, 5, 6 and 9) final temperature of the particle can be found at the end of the heating period. The condensation-evaporation period (heating period) is very important for the calculation of the amount of moisture absorbed. Also, the thickness of the condensed water with time can be tracked. Trommelen and Crosby (1969) demonstrated the use of correlations of heat transfer coefficient which is applicable for evaporation of small pure water drops in air is also valid for evaporation in superheated steam. Forced convective heat transfer can be assumed to take place between the bulk superheated steam and the particle surface either covered with water layer or not, proposed by Hager et al. (1997) , Equation (10) heat capacity of the superheated steam.
Water Diffusion from the Surface Through the Particle
The moisture content of the particle will increase during the heating period due to diffusion of the condensed water at the surface to the interior of the particle. This phenomenon is important in dryers such as rotary drum dryer where the particles have much time for rest (contact with the surface) (Hamawand & Yusaf, 2013) . Unlike fluidized bed dryers the water condensed on the particle surface evaporates in a shorter time due to continuous contact between the particles and the drying medium. The first layer of the particle's surface will be saturated with moisture during the heating period. This can be described by the diffusion equation for a spherical particle (Soponronnarit et al., 2006; Chemkhi & Zagrouba, 2005) , as shown in Equation (11);
M moisture content kg water / kg dry basis;
The effective diffusivity coefficient can be determined from the drying experiment itself as shown by Chemkhi and Zagrouba (2005) and Soponronnarit et al. (2006) . Chemkhi and Zagrouba (2005) , investigated the moisture diffusivity through a porous clay materials in air drying at different humidity. The moisture diffusivity can be estimated by: analysis of the drying data, sorption kinetics and permeability measurements. They estimated the effective diffusivity from the drying data, from the slope of the drying curve and/or from comparison of the experimental data with that predicted by Fick's second law. Also, the equilibrium moisture content was estimated from the sorption isotherm of the particle. The effective diffusivity can be predicted by Equation (12); Initial and boundary condition at this period are as following (Soponronnarit et al., 2006) ;
Where M eq correspond to the maximum moisture content for which the particle can hold, this can be predicted by soaking the particle in water over night (Soponronnarit et al., 2006) . The boundary conditions propose constant moisture content at the centre and maximum at the surface. The surface of the particle will be in equilibrium with the condensed water. Using numerical method, finite deference Euler's method, Equation (11) www.ccsenet.org/eer Energy and Environment Research Vol. 3, No. 2; 2013 can be rewritten as Equation (13);
Where i and j represent position and time, respectively. Equation (13) can be used to find the moisture content in each layer of the particle along the entire heating period where the diffusion occurs. During the heating period the particle absorb water through its surface. This absorbed water will distribute through the particle radially. The average moisture content at the end of heating period cab be estimated using Equation (14) (Soponronnarit et al., 2006) ;
Using numerical integration, Simpson rule;
Where p V is the particle volume (m 3 ).
The amount of water absorbed by the particle after an interval of At the end of the heating period the average temperature and moisture content of the particle will be 100 o C, and
Constant Drying Rate Period
At the initial stage of drying, the drying rate is constant due to the vaporization of water at particle's grain surface. This period is indicated by a line presenting moisture content versus drying time. The assumption is made that evaporation will start when the temperature of the materials reaches approximately 100 o C. The evaporation will be dominated by the heat transfer between the particle surface and the drying medium. The amount of water evaporates from the particle's surface will be replaced by liquid diffusion from the inner region. At this period, another assumption was made that the whole particle is at 100 o C until the entire free water evaporates. Evaporation from a particle's surface can be represents by Equation (17) 
At this period, the evaporation will occur at the surface of the particle, so there is no change in the wet zone radius. Equation (18) can be rewritten in form of moisture content as shown in Equation (19);
The amount of moisture can be calculated by Equation (20);
(T T ) . d t ( t ) ( o ) ( g p ) g p vap
is the initial amount of moisture in the sample (kg water), and
h  is the heat transfer coefficient at the boundary of the sample as shown in Figure (1) . By dividing Equation (20) by the initial weight of the sample, moisture content of the particle can be estimated. The initial weight of the sample can be formulated as in Equation (21) 
Then, Equation (20) can be rewritten as moisture content on wet basis as in Equation (22); 
Falling Rate Period
The temperature distribution in a spherical dry particle can be presented by the differential equation below. The heat transfers from the drying medium to the particle surface by convection and then through the particle by conduction;
Using numerical method, finite deference Euler's method, with an explicit formulation, Equation (23) can be rewritten as;
Where, The initial and boundary condition at this period are;
Equation (24) can be used to predict the change in temperature of each layer dr with time directly after the recession of its moisture. The Assumption was made that the temperature of each layer is constant during the recession of its moisture and kept at 100 o C. After this period, the temperature of the particle's layer went through recession will start to rise due to equation (24) . In order to solve equation (24) for temperature gradient through the particle, the time interval for recession of moisture from each layer need to be predicted. Energy balance over the first layer can be presents by Equation (25);
Equation (25) can be rewritten in numerical formula as;
Solve for the temperature of the first layer, this can be done by equating the heat transferred to the first layer by convection to the heat transferred by conduction through the particle. The temperature of the first layer can be predicted via Equation (27);
By assuming the value of dt in Equation (26), the location of the interface after moisture recession from the first layer can be predicted, during this period the temperature of each layer is assumed constant at 100 o C. After elapsed time of dt , the first layer become dry. At the next time interval dt , the first layer will start to heat up over 100 o C, its temperature can be calculated using Equation (27) . For the second and the following layers, Equation (28) below can be used to estimate the thickness (or location) of each layer goes under recession;
The thermal conductivity at the wet zone will be;
The thermal conductivity at the dry zone can be represented as;
represent the liquid, solid, and vapour components,
are the mass fraction of vapour and water in the particle. As the vapour will replace the water during the recession, then Iyota et al. (2001) assumed that the physical properties are constant in regards to temperature, and the apparent physical values of compound can be driven from the specific solid and water values with regards to moisture content. Cenkowski, (2000, 2003) , gave a formula for the density of super heated steam as; 
Modelling Results

Initial Condensation
This step estimates both the temperature of the particle which is calculated using Equation (5) and the amount of liquid condensed over the surface of the particle as an indication of the particle radius using both Equations (6) and (7). Equation (5) is an energy balance, it shows that the temperature of the particle increases as steam condensed over its surface. The condensation of steam will stop whenever the temperature of the whole particle reach water boiling point. As shown in Figure ( 2), the temperature of the particle raises sharply starting from initial particle temperature. This temperature then flattens at 100 o C, the boiling point temperature of drying solvent (in this case water). At this temperature steam condensation will stop and the evaporation of the condensed steam will begins. The radius of the particle (the condensed layer of water) starts to decrease from this point forward. Figure ( 2) shows a sharp rise in temperature of the particle from its initial temperature to approximately 100 o C, this is due to the high specific heat of the condensed water, the speed of this rise in temperature is also function of the particle size.
www.ccsenet.org/eer Energy and Environment Research Vol. 3, No. 2; 2013 Figure 2. Particle temperature during initial condensation
Initial Evaporation
This step estimates the evaporation rate of the initial liquid condensed during the heating period. Equation (8) estimates this by considering the radius of the particle as indication of the amount of the evaporated water. By dividing the changes in the radius of the particle over the time interval, the rate of evaporation can be predicted.
In the first part of Figure ( 3), the rising part of the curve presents the data predicted from both Equations (6) and (7). These two equations estimate the amount of condensed vapour using the radius of the particle as indication. Whenever the temperature of the condensed vapour is below water boiling temperature or its partial pressure is below the saturation, the condensation will continue. In the second part of Figure ( 3), the declined line is presenting the evaporation period. As the figure shows, the evaporation happens at a constant rate (constant slope), this is because the evaporation is happening from a surface covered with free water. Although, the surface area of evaporation is changing because of the reduction in the radius of the condensed layer; it was neglected due to its small thickness. www.ccsenet.org/eer Energy and Environment Research Vol. 3, No. 2; 2013 
Diffusion of Moisture from the Surface to the Interior of the Particle
This step estimates the moisture distribution through the interior of the particle during the heating period using Equation (13). Also, it estimates the change in the amount of the particle's moisture content (average moisture content) using Equation (14) . As shown in Figure (4) , the average moisture content of the particle was raised from 0.15 (initial moisture content) to 0.1683 during the heating period. The curve in Figure (4) shows the distribution of moisture in the particle starting from the surface to the centre. The first layer of the particle is at saturation because the surface is covered totally by a layer of condensed water. The moisture diffuses from the surface to the interior in a decline sequence due to the resistance to diffusion. The shape of the curve in Figure ( 4) depends on the time interval of this period (heating period). As the interval of the heating period increases, the average moisture content of the particle increases as well. Figure 4 . Distribution of moisture through the particle during heating period, the Average Moisture content of the particle rose from 0.15 to 0.1683
Drying
This period was divided to two steps; the constant rate period and the falling rate period.
Constant Rate Period
This step estimates the moisture content of the particle as function of heat transfer coefficient. This period assumes that the evaporation of the moisture happen only at the surface of the particle because migration of moisture from the interior of the particle to the surface is higher than the evaporation rate at the surface. Equation (22) shows a linear decline in the moisture content because at the constant rate period it was assumed that evaporation is happening from a layer of free water at the surface. In this period the surface of the particle will be covered by a layer of migrated moisture until no more moisture can be supported by diffusion from inside of the particle. This step estimates the temperature distribution along the radius of the particle using Equation (24). Also, Equation (27) was used to predict the temperature of the first layer of the particle. To estimate the recession of moisture from each layer of the particle starting from the surface, Equation (29) was used to locate the dried layers movements through the particle. The result from this equation then can be used to calculate the moisture content of the particle via Equation (30) when the geometry of the particle is known.
Figure (6) shows the temperature at two points in the particle, the surface and the centre of the particle. The curve at the top is representing the particle surface temperature. The temperature of the first layer at the surface of the particle rises to water boiling temperature in a very short period. Recalling Figure ( 3), it takes less than one second for the temperature at the surface of the particle to rise to 100 o C (depend on the particle size). This temperature then remains constant at 100 o C until the particle's moisture content reaches a critical. After this point the curve rises sharply because the surface of the particle is dry and it is no more been cooled via evaporation. Similar result is shown in Figure (6) for the particle's centre temperature. The lower curve shows that the temperature at the centre remains at its initial temperature, after rising to 100 o C, for the whole heating period. This is because the heat transferred from the drying medium is consumed by the evaporation at the surface. For this reason its temperature will only start to rise when the surface is dry and the heat intrude the interior of the particle. Vol. 3, No. 2; 2013 The moisture content of the particle during this period decreases smoothly from the critical moisture content to the equilibrium moisture content. In this period, the heat will transfer through the interior of the particle via conduction and recession of moisture will take place in each layer starting from the surface. As shown in Figure  ( 7), this period takes longer time by many magnitudes compared to the constant rate period. This is due to high resistance to heat conduction and the difficulties associated with the receding moisture from a critical value to equilibrium moisture content. Critical moisture content represents the moisture that is available in the cell of the materials. As the recession go deeper through the particle, the resistance to the heat conduction increases. This explains the semi-flatten curve after long time of drying. The model also shows the position of the moisture as receding through the particle. Figure (8) illustrates the time required for each layer of the particle to dry to their equilibrium moisture content. The linearity in this relation is due to regular increase in the time of recession of each layer. When all the layers of the particle reach the equilibrium moisture content, the line flatten because there is no more moisture is available, except that chemically bonded. 
Conclusion
The models have been applied in this research are results of literature review conducted in the field of drying under superheated steam. Also, energy balance was conducted in some other occasions. This paper is combining different models presented by many researchers in this filed to come up with a complete modelling sets for the entire drying steps under superheated steam. Finite difference with the aid of MATLAB software was used in order to apply the models. The theoretical results predicted from the models illustrate the drying behaviour under superheated steam. However, experiments were not conducted, the trends of the results are agreeing with the actual behaviour of drying under superheated steam. This article successfully presented a literature review focused on the modelling of drying under superheated steam. Also, full details in regards to modelling the all steps that take place under superheated steam drying were demonstrated. 
Nomenclature
